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(57) Abstract: A motor drive-controlling device and an electric power-steering device using the same. The motor drive-controlling 
1^ device can perform vector control of a motor even when a motor position sensor, such as a Hall sensor, which cannot output an 

accurate and detailed rotational angle signal when the motor rotates at a low speed is used. Further, the device can reliably perform 
^5 field-weakening control even when the motor position sensor etc. have detection errors, and can provide motor output with a reduced 
^£ torque ripple. 



BEST AVAILABLE COPY 



W(ft<)4/054086 Al 111 111 II II I ^ 



DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) }g$§ CJESJ: ARIPO (BW, GH, GM,_KE, LS, 

MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), i-7V7<$ 
ffr (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — P V 
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, 



TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 



WO 2004/054086 



PCT/JP2003/015900 



m m m 

d©*©^* h^Mfftt. 2 0 0 1 - 1 8 8 2 2 

HI 1 0K&V>T> 5 6 ©«W»<fr**tfe£T*»*«**£» 

5 1^e>, PI«**5 2. 2ffi/3ffiffi^^m^5 3, PWM«W» 
54 ^ >A-* 5 5 ^LT^-^ 5 6 

UStiTV^. *fc, -*wt-*5 5fc*-*5 6fc©mfc«K-fc>* 

571, 5 7 2#«E*n, ine>tst>D- 571, 512 -e&m 2 nta* - 



WO 2004/054086 




PCT/JP2003/015900 



I d *ffi*«8Kft£8 51 tP I Mffffi52 fc©|R!fcE3nfc**»581, 

5 i Mw*-fe>tf*c*ffl* 

nfcb^^»*«T r e f tt«*ffl-fe>*l lTHWSnfcD-^ 
5 ©ifift«fli:t«fta*wftS»t. t«»^IIdr e f, I are 
f ine ©«flrtf£^{i I d r e f , I q r e f te, V 4 

I d, I q KiaslftSnfc7>f- KAy ^*«E»C«fcoTttiE$nS. 
BPS, 2 ffl«S(t*K» I d , Hi, IWIIdref, Iqref 
10 »« 5 8 1, 5 8 2 T?«**n*. P I ««* 

5 2 1, 5 2 2 T-, P WM*0fll (Dx^-X^ — S^TfS^^d , q*£# 
©ftV d,Vq£LT^ttl2n, 2 ffi / 3 5 3 KcfcoT, d , 

qj&##><b>, &*BJ&#Va, Vb, VcHf^I^n^. ^LT, -f > 
;^-^5 5(t 3liOMVa, Vb, V c \z2k*3 V> X P WM MM £ 
15 n> 5 6 >A'-^fi^l&^tlT€-^ 5 6 0 0 (B <£ SO 1W 

6 1 tt*3£-fe>lJ-|HlKT, 6 2 fciiBJfclBfl&^JJtlHl&T, 6 3tt 
•&mfg£!Hli&X, 6 4ttS*7'>Xh*IHlHl!ST, 6 5 «M b # fr 31 
ESSX, 6 6lii^»T\ 6 7ttft»***-C, 6 8tt#f(MI» 
20 *ftlEMft#T&3o 

±5zli©ck5ft'^ MI/MAP©*-^ YlWfe^mT r e f ££#11^ 
£3ISco, 0 fcgtn>T*»EJf ^ffi I d r e f , Iqref tfifc 

id, i q tc^&sn, ^©^ 2 ffimsstfife^ id43«fct>*iq<h, mm 

25 Idref *S<fctf iqref t0i^MI$tl, *©KS£a<P 



WO 2004/054086 



PCT/JP2003/015900 



»»5 3TJ«l)!3«0»««Va, Vb, V C Cl^^ >A"^ 

il/17-XfT'J > ifMfcttfl 3*1* Wfcfc 
5 ©li***??!*!*!*-* (PMSM) T? & D » W KB =6 - 9 tt 3 

io toi5ft«RoTtott*oi»/^-xfT u y^mum^-9 
^©aifctt*-* i 2 o oo«»c, ft 

^{i I a v r e f , Ibvref, I c v r e f £ * *« I a , I 
15 b. I cfc©»***HJ*****2 0-l. 2 0 - 2, 2 0 - 3 ^ 
WJMW2 0-1. 2 0 - 2, 2 0 - 3*6O#«ii«A*r*PI 
«|fl|ffi2 li.PI WWW 21 *603«0»ma, V b. Vc^A 

*«pwm«k» 30 m«««fc*«r*-r 31 
bT;e _^ 1 c£* ^ 3 1 

20 1 OMfctt*-*** I a, I b, I c 5r^!±;-r*«9iE^m^3 2 - 1 . 
32-2,32-3 #E S fcffl 3 nfc*- 2 0 - 1 , 
2 0 - 2, 2 0 - 3 ^7^-HA^Sn«7-f-H/t^«HOil« 



3 



WO 2004/054086 




PCT/JP2003/015900 



jgttffiea, eb, e c mt5. #J-> 3 *B / 2 ffi^&gB 1 0 2 T 
d$A, q $l&5!c#T&£ e d , e q(:f^L> £ CD d m /&#fltJE e e d , q 
m&ftmK e q*&\Jl tVT v fib *5 <fr # ft IK 1 0 8 T q 
10 Jb'tMoII q r e f#*^tt}£frl<5o fctffb, £CDiS-&, d 

I d r e f = 0 t\sTm&2ft2>oW%* : £-?<D\tit>J5n3S.\Z&\,*X. 
TreiXa>m=3/2(edxid + eqxlq) • • • ( 1 ) 
I d = I d r e f = 0 £ Airt Z> t , 

Iq=Iqref = 2/ 3(TrefX<om/eq) ••♦(2) 
15 tl/T»fflStlS. avre f, Ibvref, Icvr 

e f tt, q*ft^^«»it#m^ 108 IS I q r e f £t£i£-r 

108 «it^^ttJ§l5 10 7 T^tfcJ ^ tlfc^^ O t IqrefU^Jl, 2 
+8/ 3 ffi^&ffi 1 0 4 fcT*8Rm^ll Iavref, Ibvref, I 
20 c v r e f a*#fcB£n<5„ 

& 43 , <I> = a c o s (cob/com) ^;^^$ = K (1 - ( o> b / o> m ) ) 
i: <DM*C3^fi»Wfcffl V> 5>n -5 ("acos" tecos^SrSlfr-f),, 
(D^-Xftm&co b £fi, II &#a$'J P * ffl tC =E - ^ 

£ Wi s •& is © * - ^ (D m ft ft m m T & & . 



4 



__ _ PCT/JP2003/015900 

WO 2004/054086 ~* 4 " s 



10 



- 1 8 7 5 7 8(C%)fH«c^*^<fc^^^*^^-t>^ 1 1 hLXUV)V 
fc3<D=acos (cob/torn) ft££f"JfflbT, ^-^KD^fcB^m 

D-^©tt«*fflKl. l^/;WA*X>3-^fcJtttLTtt« 



25 



5 



WO 2004/054086 j^k PCT/JP2003/0 15900 



-^O^ISwm^D-^O Efe^g 9 e K & ffi T # ^ fz ® \Z, 
V)V2 U y 7)1 <D '> ^ h ;i/ ft| fj| ffi v> § 31 £ -j? # & ^ <h V> o ffl 

5 

3* ffi & & 8 & ft -fe > V & « ^ £ ft 3 * - 9 <£ B it 3£ 0 & & ffl v & 

EbfH»SB®#Jfl?ff#&^fc£**&oTfc» ^ O if5 3£ HI fe B# tc^e- 
T U >y^BK&o Tte. A> F 18 Wfc'hS < , 

-7^7 u >tfmw&m@i-tz>zt\z$>z> 0 &tz. □ and 

<5 d <t t£ <fc © 



6 



• PCT/JP2003/015900 

10 

*^BJ<D±IBgW«, WBl/^Hftffl«»* WB«£llHE5i* 

25 



15 



20 



7 



WO 2004/054086 




PCT/JP2003/015900 



d r e f£^ttJ-r<5 d mft^MMW- ffigB £ . q$hnffi&i?fe I q r e f 

*imi-rs qm&^nmn-m&t. t«b wet- as* 

5 f;LO<«<l) £3ti;fc£j§£ ( a X co b ) <fc 9 iWfB«£**# a> m 

h9I2 d mmmm^m Idrefli, hiJIB^E — ^ (o 

hjiz^^mr t e f , Mts^ii^ ( a xco b) 43 «k zsmmmnft mm. 
^ Mum 19 as ^aB^-'^sm^SEieiw-rsffi^ftSflwiBt, was 2 

fWIEft 3££*ftffilII(Sj&> £#ai$nfc^-^©#&&<oma*lWiBt9:/££i§ 

25 



8 



WO 2004/054086 




PCT/JP2003/015900 



mi m\z* m.jkwS)vnu£*m^timM7u y zmx&z. 

20 t 7 D y 2 BIT & 2> o 

mi 3Bii, *mw<Dm®ftmfflW£*-*<omifcmmiz&-DXMW 

25 — ^I<£r^fi§lT^§o 



9 



WO 2004/054086 



PCT/JP2003/015900 



-r& 5 \z/\w>>f 2 ofommizmfezn. ^0 3 6 

a, 6 b*3J:tf 6 c j&^fcfttt&n&BJfe^ (^T> X 7-- * £ ^ 3 ) 

^ 7 &mi&lsT^%>.Z\<DU — ? 7 (2) [si £ Ml 4 © — 1$T&&\Z\t, 

15 teffi^ttiffl CD* >U- 4 8 - 1 , 4 8 - 2, 4 8 - 3 ^|gg$nT 



10 



WO 2004/054086 




PCT/JP2003/015900 



5 m^.mmx$>^ xhitrnmiEV < u-$> #m-e^ h 
;na»&fflv^ hue o , ;nr o % snsninii 

m4EI^43^T, ; E — ^ 1 fctt 3 m<D*-)V± >V 4 8 - 1,4 8 - 2, 

4 8-3 ^la^nx^o > R*-;nr >ti-^ e>©*— ;KS#*<tt«*i3E 

0!§4 1 HA*$n§. d(D*-;Hr>U-4 8 - 1 . 4 8 - 2, 4 8 - 
3 £GLMMfe®& 4 1 £T^-*ffifEit£lIl&£«JjJcbTlr>a. £ ©^E 

2-272163 &£KfSi!c£ftTV>3o Jl O * - * ft® Jt£ HI K ©14 

ntcck o m^-rs^E-^ i (DV}wz.®mmmw®:fe2n2>o # tens ait 

^leI8S4 1 £ <Z>l±J;tr{s^T&5, «& IB ^ - ^ <D |sl4gi$£ £ U T CD ^E - 

20 e e mump® i o o \z\t>znz>o %.rz, *: — ?i<Dmn.ftM 

mo> e SO-/U 7 Jl/* (WTLPFtffit) 4 9^^LT1/^J^ 
tB8IS42tCA*Sn-5. U^;HftttJ8B4 2 ttlfcffiS*P <fc fc * »!5£ Efc 
MSN $r^-TIS^Sl5 4 3 CDjf ^ *> Xti 

«J^ft«91W»4 5 Kite, *-;i/-fe>1t 4 8 - 1 , 4 8 - 2, 4 
25 8 - 3 .fcOSSif^AA^n. ffi&&£HI&4 1 0tll*Mffl$nT 



11 



WO 2004/054086 




PCT/JP2003/015900 



* — ? 1 zmffl? ZMffifiirm. Iaref, Ibref, Ic 
r e f &n.m-rz>\Bl&£ ITtKi' b ;U ffftftifP g& 10 0 ©ftilK:, *BJlj2M 

MI/f&JPgB 1 0 0 ©gffi Vtcmm.m^m. I a v r e f , Ibvref, 
I c v r e f tmmmumm4 5 ©UttSUfcttSftJ^M I a s r e f , 

1 bs re f, I c s r e f£M^T5^#^X-fy^44^g2£n, 
WmXT.^ 7f 4 4 ©ffi^tettMJPSB 4 6 CA^$tlT^5. ttfflEftl 

10 M4 6 ©fctS*l#P WM$iJPgU 3 0 (DXtJ t 9 , P WM ftJ'tfP SB 3 0 © 
^fC-r >/N*— ^3 1 >A-^ 3 1 ©&}'*: 1 ^IBSnTViS. 

^E-^ 1 <b-r >n—9 3 1 ©IKIlClifflE&ffilelR 3 2 - 1 , 3 2 - 

2 , 3 2-3 #E$n» ^E — ^ «SSt I a , lb, Ic£#ltfiL,mMJ 
ffigB 4 6 \Z 7 4 — H n y Z Mffl tS *IT V> 5 . 

15 tuT^»*Iffll»4 5 t^^7 b)^mm^ 10 0 ©rtfi&ttJEfcTffcSa*. 

m^ttfHfffin: 4 5 tetE^cfc D&<*ne>nT:fcD, #j*.fc£#£i 2001- 
168151 \z t>aa«s nt^s. fix, jgjgtfcf&iffli ©#«£ 

h;u$ij y #gB 1 0 0 iz&^t* 1? h ;i<mffl<Dmnfz<&®i&%\m u 

hJUHfflld, q j£#©*9K*B<frffi Idref, I q r e f 
25 Ifct, u©ti^^ll d r e f, I q r e f 4#ffi««i^ffi I a 
ref, Ibref, Icref icSStft-TS £ thiz. 7^-H;\*^ 



12 



WO 2004/054086 




PCT/JP2003/015900 



ioT, lijf^II are f, Ibref, I c r e f Jllllt^S 
b (Pseudo Vector Controlo ^T, P V 

Y)VmWU& £ (DmffifSism I a v r e f , Ibvref, lev 
re ftt-^lilil a, lb, I c t. KaS^V>T#*B«&K&^ 
«0£>M^£B2 0-1, .2 0 - 2, 2 0 - 3 *5 J; Jfc 0« 81 # *!l » & f? "5 P 
10 I ftsiJt&PgB 2 1 £ SfiS A, P WMfffll&PSB 3 0 <D P WMftPj^K: <fc^T<>A* 

£$|J|&PT & «fc 5 tC^oTV^o 

ef, Ibvref, I c v r e f tt-^ffilil a, lb, let 

15 & b&mmmmm&$i#)Z>i£&ffi 2 0 - 1 , 20-2, 20-3^^© 

£ffi*»EKI£*A# ft%> P I 2 1 *>S#lj££nTV>*. 

< >A— * 3 1 ^^-^ 1 tOFIC, ^E-^mgSE^tBlelgSi ITiit 

mum 3 2 - 1 , 32-2, 32-3^sa$n» ^m^^teiHiss 3 2 - 

1, 32-2, 3 2 - 3 -V^tl^enfem l/fc^ — 9 <D&mMtfc I a , I 
20 b, I c^ifg|52 0-1, 2 0-2, 2 0-3{CA*-r§7^r-r ; /N* 

fit, ^ h;U#J»8B 1 0 0 «, #*Bi£jg«EEirajffB<>: iTOil 
g&101£, d, qtEEfffiSi5ilT03i/2ffl^i^l 0 q 

mnm^^m 1 q r e f zo. mm^mmw-m^ 1 0 3 &m 

25 «i«J&^#ffi»£ UT© 2*8/ 3ffi&ifca& 1 0 4 d $Sm§itJg^{it I 
d r e f dttlJt<frm$lE# ASP 105i hJ^^IT r e f 



13 



_ PCT/JP2003/015900 

WO 2004/054086 

■ ll*Bi4li:J:otJ|ilH*nfcn-^(DBM*9efcU« 

W snfch**fc^^*£* nfcMP ** B ** T r e f 

h;u«»PfcJ;oT«J|C*nfc#ffiO**»*«I a r e f, I b r 
ef, icrefmSft**^*^*' 

5 ff fc> ti o 

ar. h^MfPff i o ot, tt«ts£iaiM i <fco#e»n^p- 

«J£ea, eb. e c tt, d - gttEWi^O 3ffl/2fflM 
1 0 21!, (3) (4) 5*fcS^T. d, a«»©i»fi*ffie 

d, e q ic^m^n^. 



ed 
eq 



— C1 



ea 
eb 
ec 



(3) 



14 



WO 2004/054086 



PCT/JP2003/015900 



-COS(0e) — COS(0e-2 7r/3) -COS(0e+2?r/3) 



C1 _ 



SIN(0o) 



SIN(0e-2;r/3) 



SIN(0e+27T/3) 



Sfc, dilSIdrefli, fimm<0 b , co e , &£Z*h)lt7$i^ 
jfiT r e f &A*tbt> I d r e f ^tBg& 1 0 5 T^ffl £n&. fcfc 
LKtUbJP^ffft*5.i&,B bit*:-? (D^-Xfimm-e&K) > 
5 £ 0)^ — *#5£&<o b it bJVtr&it&T r e f £A*f t LTtftifSS 1 0 
6 T?3fca£>TV>5. 

cfcoT, d tt*«EJt^ft Idreftt, (5) 5£T?JHttS tl*. 
Idref=-|Tref/Kt I - sin (acos (cob/to 
m)) • • • • ( 5 ) 

10 (5) Stifc$n5i;ol:, d «i«j5iEJt^M I d r e flit-^Oli 

qiillqrefli. q «ff<fr * «£» £B SB 1 0 3 \Z J; o T » 
&&mj£ed. eq, w e *«k«di*iliE»^il I d r e f 

t, (6) ^tcs^viT»asn*. bp -5, 

15 Iqref = 2/ 3(TrefXwm-edxldref)/eq*--- 
(6) 

i^ttw e = a>mXPT&&. 

±Md(D&izmt}2n2>&?lZQmnffifi^m I q r e f tt, ^-^(DjU 



15 



WO 2004/054086 




PCT/JP2003/015900 



zonrnwrnm idref, i q r e f wt, smmm^itm. \z^m-r 

ZtctbO 2tfi/ 3 *a^&SB 104T, (7 ) 5$£ffl V>T . #*B£>®flttf^ 
Havre f, Ibvref, Icvref lC^J&£*l£o Z\<D&Z. 
^\t, I av r e fOav r e fte, p b JlWMlz £. -d T &: 

fT^J^C2« (8) jUc^cTJ; o \z^-5? (DmfcftM 6 e \z £ o 



lavref 
Ibvref 
Icvref 

10 (7) 



sin( 8 o) 
sin(0e— 2 7T/3) 
sin(0e + 2 7T/3) 

...... (8) 

^ IT, ^Stt^ffllHlSS 3 2 - 1 , 3 2 - 2, 3 2 - 3 T&ffi £ nfc 
-^<£>=S-fl^fl?t I a , lb, I ct^ftiWII avre f, lb 
15 vref, I c v r e f ZMW-ffl 2 0 - 1 , 2 0 - 2, 2 0 - 3 T5l# 

SB 2 1 TfrJP LT-T >A*— ^ 3 1 CDjg^M, BP^ P WM$iJ'fdf SB 3 0 



= C2 



Idref 



Iqref 



C2 = 



— cos( 6 e) 
— cos( fle- 2 7T/3) 

— COS (08+2 7T/3) 



16 



WO 2004/054086 




PCT/JP2003/015900 



af^-**bt*ffifi*iva, vb, vc^imsti, ^ne©i 

^^^ViTPWM$iJ^gP3 0 #M >A — ^3 1 &PWMfflfflL , ^ — * 
1 telB»j$ft, ffiM<D hfrZ&ft&TZ. &±T"<t7 h)VfflW& 1 0 0 

HJT So 

£-f. ^E-* 1 <D|eHE&&j&«K!j£|lHg3$gN, ^lx.«5 0 0 r pmi 
«9 Jft.ji'Xf*S»'&, *-;Hr>U-4 8-l, 4 8 - 2, 4 8 - 3*6S 

10 4 1 «jE L < 1 ©mScCfcjgftG) e43J:^D-^7a)|lIfe^S0 e 

&&ttn?£*. w^;u&fflg& 4 2 © a^j k l p f 4 9 *bb lt 

tr>3. ^©Ifttt, L P F 4 9 ©^fBK£oT{iBJi5t0&&4 1 (Dtiitl 
m^<D J X*W3k IT U^JUfctBSB 4 2 O^J^^* ^ 'J > ^£ i£ d 
-r©£B£lt-f £ 0 l^;HfcttilHlB4 2 tt> ^-^©iHlfejiS 

15 ^^^liB4 3 K^t" 5 0 0 r pm^±T&<5tf>-r, ^ItiX^yf 4 4 

£^ Mi/ftjpgB 1 o o ^ m^m«^ig3 4 6 zmmtz \z-rz, ±m 
iEL/<*ftffiT*n^, ^wmattiSBioo ^ie L^nmm^m i a v 

ref, Ibvref, I c v r e f & . 

20 ioT, «lK.X-f y^4 4 £jiLT«MJfllgB4 6 Ktt*i«Jf^ffl 
Iavref, Ibvref, Icvref #*A# £ *U «Simtt!l§I& 
3 2 - 1, 3 2 - 2, 3 2 - 3 «fc Otftffi-^n/t^ — ^«»SE I a , lb, 

i c <d y 4 - h a* y t> mm £ £ it tfc u t 7 w - K a v z> f&iffl $ . % 

«EtttWfiB4 60tB*«#T*SttJEm^lfiV a. Vb, VcllIfPW 
25 MftJM 3 0 tt-f >n-$ 3 1 (D^z-T-si -it£&/£ <>A-^3 
1 ttfOfif^ - it (C^oT^-^l^$iJ 13? •T'So ^OfHfflltt* — ^ 
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$z\z.. mmmmtf&mizte 0 , m 5 0 0 r pmioii 

^dT, tS^SB 4 3^iT 5 0 0 r pra«t^-JVt>it4 8 J; 9 # £ 

n^> iEitejim^^^vi(D-e i/^;w^ai^ 4 3 mm®\ffl&4 6 

10 PtC^O 0 

^ d-e. £@-r^#&, &M®.mmM4 5 te&gff££!ns§4 i®tu* 

fl^^^ffllT^^f, 7jN-;U-b >+h 4 8 - 1 , 4 8 - 2, 4 8 - 3 0 

iot, ^ttJt^HIifS 4 1 <DfcH2jj&**IEfllK:fc:o T , feM$LMWffi4 
15 5 **J!CWr S«8KJS^ffi lasref, Ibsref, Icsrefte 

20 {&m\B\&® 2 0 0 1-1 6 8 1 5 ix*M?*isrzm'0&m^ 
tu*. u y < {WffliTfrsoT, : e — * 1 ©ehe*« 5 0 

UK. ioT, 1 tt««EfW»SB4 6 *^ e»ft©#J«tt««EJi^te I 

asref, Ibsref, I c s r e f HS^HTiEK hJ^ili 
25 £*l&o 
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motif t> Y)V>7 U v ^UftJPSrlE L <T€, llA7-Xf7'J>^i 

HI 6 mum 1 O^lCMTiS. S£4EI©JgJ&&*i|fl?fi&4 5 <h ^ 
* MUfcHflSB 10 0 (DthtlX^ I a s 

10 ref, Ibsref, Icsref, Iavref, Ibvref, 
Icvref^Lfco — h)imffl\* d , q«|j£#£ 

ffl ^tcmmm^m. I d r e f , Uref^ffil^OT, d<D^J£#ilte 

sn 6 m^-Tck o izm&$.mmffi4 5-2 &<fc?>*^ Mn&iiwaB 100 

-2©a*Srd, q fi£ 5^ fcti 2J LT^5. * - ? & ft ttffi I a , I 
15 b, I c t> 3 H / 2 ffl^^nB 4 7 - 1 T I d , I qH^il/T7^-H 
/^yHT^S. ^IT, «^Jg^ffi IdrefiUrefi7-f- 
KA y ^ ^n^^E — **»E I d , Iq$A*tl/> *«EfWfl?SB4 6 - 2 
£T*ted, qfllliSfMi^lt, *&KPWMf&l»BB3 0 2 
ffi/3ffl^t§l54 7-2Td, q/£#^e>a, b, c ffl j£ i£ £ 81 1/ 

20 T-r >n—& 3 1 SrftjtapLxfciiJi taft^sns. 
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5 *nMM-?iZ. IsIfejigNl^ 6 5 0 r pmtl, [Uilgjim N 2 £ 5 0 
0 r p mt l/Tlilt^, 

£-r> : E — ^ fr\7L\-&2 0 0 0 r p e><giSHJ^, &\X 

4 0 0 r p m^iUK3i^^^<i: bt^ < ±J-& tC ^ V> T1&BJ3 T 5 » £ 
©ii'S'* * — ;Hz 4 8 - 1 , 4 8 - 2, 4 8 - 3 5>^ai £ tlfc* 
10 -;i/ffi-^»^ttJt^IsIS&4 1 CA^^n, bXf'JyXJJtofcH^ 

&tBgB4 2 - 2 iz&uxmfezn&Miz. $t, m^iis^^^T< ^> 

6 5 0 r pm$Hfot0fel^N 1 T te¥"J ^tlT^ Wife 
SB 4 3 - 2 ^^TlHl^iiSN 2, ^>*D 5 0 0 r pmlCioTfiJ^^n 
£o f Lt> ^—^1 (D|Hlfejim^ 5 0 0 r p m & V &m\Zt£ 2> t W< 
15 ;Ptftffl&4 2 - 2 tt^0 3gT;W 4 £3J#*., M ffi. MW SB 4 6 £ 

^ b;HMM 1 0 0 ^ ^m^^fJ^^P 4 5 1 <£> 

#nz. t>mm®$Rizmfro «Aii4oo r pm^e. 

20 2 0 0 0 r pm'vlElglS^U^tSl^ii, U 1 )V& iU SB 4 2 - 2 « 
Ste« Em VifelsIilteji^N 2, ^$0 5 0 0 rpmttt^<, I£5£g&4 3 
- 1 -T Site SIS N 6 5 0 r p mU*±K:&£ l^;U^ffig& 4 

2-2 Mt^x-f 7^44 &wK>mx. n.mum^A 6 df&jg&ftiny 

gp 4 5 ^£>^ K;U$iJf^gP 10 0 ^A^^^OtASct^ l:t 6 5 
25 OrpmKiTfenii & g jf [el & 4 1 &35#IE L V> O - * 7 ©m^ 
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10 0 <D«^EJg^M Iavref, Ibvref, Icvref 

&mw txfet-^ <d h jizmw *ie u < umx j;ot, n,win 
u >^mmuMmrs./\> ^jvmmzhm^^izmmx^^ 
> \*)imfc\zM%imtemct£^o z\<d izmmowmfuztx 

0 0 r p mfi-jfi-e$J#;l7.-1' >;f4 4 rf« 51 T £ S K 30 0 IboTief 

^±<z>mBj-ete:> ^e-^cd interna i/y;i/A*^>x>n — 

mm^&&mx\zm.< v^ihtix^u^m^it. i&mxm< vfr&mx 

^ta^U V )l A4>x > zi-^tc^bT*^BJ £iM ir # § £ t fcm 5 £ 

15 

HI 3 <D^BJK:oV>T.^T!Mt- 3» 

20 fg 3 EIKl&^T^ *$£W<Dnmm\Z&Z> Sffiy^yl/XDCt-^ 1 
n, l§3a, 3 b Kcfc 0 HI^g^ElC^^^nrcIlI^ttl 4 ^OHIfe 
T5<k?KAtf>;>^2<2i*i^®K:@£2n, j^3*BcDSfrfi&3-f;U6 

25 a, 6 b &cfctf 6 c £n£H5£^ (I^T, 7^-*<i:^-5) 



21 



WO 2004/054086 




PCT/JP2003/015900 



&t^?) 7 &mj&LT^Z> o 8§ 3 EltC&HT, □ — 7 <Z> [U & 

m^ftizmmmx&KizsffiiiWMizmmznx^z. 

)\^V>V 2 F^COlfll^ 3 b *« BBSS S ft fcfill© Xf - 9 Sr^ 

5 LT, U >^<D^1£;^ 1 0 a*gB^£ftT^5o 

itSlSlOKte, 8 {C*Hp]T-5ck 5 fc, U»/Jl//t^x>3-^ 

^:®^l±l-tr >U- 1 lte, fg 8 ^HC^-fJ: "5 Id* HIBfcttia«3-f;P6 a 
-6c ©11^^ ^ >^tC*fJCbT«^lRl»Cjil:*IBJ L/TttJRK^ 
io 5. ::t, 883^ ;u 6 a ~ 6 c te> d-^ 7 ©n^ffi^t^^T l 

2 osr^miHbTUioffltr^^^iaKsn, ^sba:^;^ a~6 c 

15 ^tBiz>+M lcDtB^7«, T^c^m^ 8 (AJMlc £o X%i<fr?Z> Z. t 

m\zfoCT, 'fem-Tz^z v)vmww> 1 o o a*, z&mmn^ ;u6 a — 

6cfc**LT2fB|iai3M;:ii«Lfcj&<£, JS&^n-f ;U 6a~6c^ll§f 
OJIE^^J K)&Z-Z> 2 *B®«:#aK: <fcoT> P — ^ 7 £leliite|g»j£-fci-£cfc 
20 5\Ztz^>Tl<>2>o 

fix. t-^ioiiWtt. ^E-^n^ti vxmmmmm 
iti$M®.m.m) &m ^xmw-rz. zzx. mm^mrnxmrn-t ^> <d^. 

25 £5. -tons*. m&m<D*-? zmft-TzMG. ^-^mm.tvxm 
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2 0 0 3-3 7 6 4 2 8TPB^£ftfcf8'3H©*ifll#^£J i IH>*'Ui, 
b)V2 V yZfJl&frtS <-C£Z>ZL tifitoZtlTteZ. 

5 

ft**, *gJBi61tSi££«* ^±tcm^Sc©^«: Lfc«»Jft#£ ttTtefc 
<, Sf§9® (B). (C) fc*TJ:3fc-»fci&&Jttbfccfc'5ftfc:-** 

k:«k o «»3&«je*> t) * ^9® (b) <d*6jb p»im8»j»* 
io l/^^,ip^ d mum i d = o (DM&<Dmm$u&-v& d,»90(o 

Oje^*««tt5J«)»«m«<W»*llfTUT, Id=10A<£> 

i"5«c«^o«8itifc»T»s. fit, \zmm$imffii&^te&m 
m&®.Mffi.&mn-tz> t^-? <DM&mj£t it. ^90 (a) ©j;? 

15 S. C©ck-5 35:te»««*«^»»iH«»afe«»» dt^«*B amies* 

20 0 ^£ bfrfflWB 100 *>&©*«» Iavref, Ibvr 
ef, I cv re f tt-^IBi^ I a , lb, I c tl:I^^T#^ 

mmomg 2 0 - 1 , 20-2, 20-3^, tk0a«^ 
frjfsp£fT? p 1 mw& 2 1 1 &ffiZs pyrummm 3 0 cpwmiwii: 
«koT-r >a*-^ 3 i^e.^-^i t«-ffl©*«jti^« k£< ttftj&tft 
25 «&£n> : e — * 1 <Dwfemwj&mffl-?z>£ 5 \zu^x^^> B 

tz&. nmm-ei*, mm^-* (D&ttommm^m iavref, 1 
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bvref, I c v r e f L=E-? <D&ffi<Dn%L I a , lb, I c tfr 

*>&mnwimm&mt>z>$ftw.ffi 2 0 - 1 , 20-2, 2o-3t^o# 
mmmmm&AJ] t-tz p i mu ta? 015 2 H^i^^nt^i.. -r 

5 §§32-1, 32-2, 3 2 - 3 ^S2$n, ^S8St& ffi S§ 3 2 - 1 , 3 
2-2, 3 2- 3T*^tiilfc^-^(0§ffliSla, lb, I c^il 
9J2 0 - 1, 20-2, 2 0 - 3 fc^f*?* - H /t y ?filfP#*JgJ& 

^l/T, ^ h;HW»fiP 10 0ft #*§i£ig«JEe a , e b, e c IT 
10 £BIE£ UTO^#SP 1 0 1 £, d$AffiJEed, q #«EE e q ©Iffigl £ 
LT<£3ffl/2*«i&g&l 0 2 i, qlfim^tfi^M UrefSItBt 
£ QtfaftitnffiWMffl 103t, I a v r e f , I b v 

ref, I c v r e f (DWmmt IT® 2 ffl/ 3 1 0 4 t , d 

I d r e f £ # ffl T * d fill <fr * »E J* ffl 8B 1 0 5 hJW 
15 PfiitmT r e f A> <£>^-7.#3I^ co b £ifelf-r 2>&Mffi 1 

0 6i$iAT^5. o Uffif&OT \Z, ^ P b )V U W SB lOOtt, 
U»/^A)5t D-^^ig^m-fe >1t 1 l(Cj:oT^m$tlfen-^7 
Olslfe^^^ e &lil£ftffi0 e £$fc#gB2 4 TJ*ffl b tcn.%ft MM 

20 £*lfc hJW^ <h CS^ViTft^Snfe hJVZVi^mT r e ftA^tt, 
^£ bJVfflW *mm Lfc&ffl<Z>*»Eft<fr*l Iavref.Ibvref, 

1 cv r e f£^tB"r&<fc5tc:&oT^5o u — & 7 (D&W&itti 

±>*)r i i ^m^-mss i i tT^j&sn&^itg^misi&om^T&s 

25 $tlSwm = (oe/P0ilit®S„ 
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ay e £££W\tfeH£aP 10 1 ©fc#«te£tn>T,#ffi(0i£je«JBE e a , 
eb> ec^Itti^n^, i^^mjEea. eb, e c te, d-Q 

«jE#fflSI$<t:LTtf>3*I/2fg^g|g&l ±j£b£ (3) 5*43 <fc 

5 (4) &\zm-3^T. d , q/&#CDi£jgmjE e d , e q izm&Zft&o 

^•*8SE^ttJS15 1 0 5 T^tf) S>*13 I d r e f Co^Ttt, ^Ti¥«fflicUi 
BJif 5. d ^T«d$ft^^«oft^fctlg|5 10 5 0> + «8i9Jli"r, 1100 

10 d«i«8KJB^fl£ I d r e f & d $fim^«SSt#ffi^ 1 0 5 T#fcB£n& 
qtt««E»^« I q r e f tt, q $S it ^ « «t H- ttl SB 1 0 3 l:«fcoT, 
i8£jB*JBEe d , e q , ilftl^co e & J; d $*tt8Sm^<§ I d r e f 

^Xti ilT, (9) ^-e^-r^-^tb^^FSSCtcaE^^TJPtti^ns. 

15 TrefXwm=3/2 (edxid + eqxiq)- • - (9) 

T & S <> £ o T , ( 9 ) 5£ , I d = I d r e f , U=UrefSft 

AT5t (io) a«ti^n5. 

Iqre f = 2 / 3 (Tre fXcom-edXIdre f ) / e q • • 
(10) 

20 tfti. (10) ^T^t>^tl^>cfc 5 ^q$ft«^m^{iil q r e f H * 

^Sfc«K fiPJS»C«J|C^T?$S. i&UfchJl'^Tr e f # <5 >fc 

J&<£> I d r e f tA*7>^0tnf:il)5; I q r e f A^I^tlS. fi£ 

25 u v -frv *m'h\z?z> mm &*sm tu*. 

zommm^m idref, i q r e f », &mmffii%^m.wmffl}i 
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VX<D 2 fa / 3 *B^&g& 1 04f, =&+@<D*^tJg^ffiI av r e f, I 
bvref, Icvref«l$tl§,lP^, (7)^?)rt<ib$ 

ns. tf ^ij^c 2 « ( 8 ) ^tc^-r i a \z=e-^ (om^nm. e e 

5 *mW-Cfe±i£lsrc&? iZ&Mm&m Idre f*<tr;iqre f$ 
A*>£bT24B/3 ffl^^SP 10 4 T6-*B<Z>mSifcfg^r<iI I a v r e f , 
Ibvre f, I cvre f£^ffi-f£o^l;:, «Sit^tHSg 3 2 - 1 , 

32-2, 3 2 - 3 T-&m nrc ^-f (D&mnm i a , it>, ict 

mWi&^m I a v r e f , Ibvref, I cvre fS;ifg|5 2 0 - 
10 1, 2 0 - 2, 2 0 - 3 ^HiJfcb, &ffi£>!S|!!£gtBf 3» # 

#*g®ift©s^£ p i ftj'M 2 i xmm IT-f >A*-^ 3 1 <z>m^ 
{a,fiP-e»pwM$ij^i^3 o©raf^ - v a , v b , 

v c atffmsn, fn&«)ii:$^TPWMffl»as 3 0 aw >n-^ 

3 1 £ P WMf&iJfP Ls — # lttlliSn, 3il5)hJ^^4t5. 

Putins. 

JKAT> $3 ©58§l!0Sg&stW > d Ift tt 8fE & ^ fit I d r e f 

25 £?\fi£#©:£5£K:<i:*«8iElt<frli I d r e f<2#5e>;S£SS!-r3£, 
(1 1 ) 5£ Id fc £ . 
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I d r e f = - I Tr e f/Kt I s in(acos(cob/com))««« 
(11) 

^it, mmmitm i d r e f = o <Dm&\tm&&mmwit*W}it^x 

Idref*0^$DIdref WW. £ *> "3 t II & # M ffl W W 
5 HfT^n^. 

£ CD33&#a$T#©|ig&#j]:C9^#*.te: ( 1 1 ) 5£cD a c o s (cob 
/com) iaoT^3tl5, M X (tf, * — * © Ulte 5i ffe ffi i« HI IE T 

o)m<(obi^^Otacos (wb/wm) = 0 £ & *9 , iotdl 
10 ««Efc<fr« Idref = 0t?5:5. U^b, iSi 3£ 0 ig o£ 0 > fttt 
^jg^com^^-X^ji^co b«fc0iiij£ d Mi ft & <fr fit I d 

r e f (Dm^M\Z.U K) , li&J^lMH&P £3lfT b&J & £ . 

II ff £ft& £ -5 Id, ^-X^jl^co b < f SSf&^^-^ft 
3fm-<r&5£l (axcob) <hV>5#;L£#AL£:. fztzL. a it 0 
< a< 1 

25 :©^ffi^#llT (11) J&*$£3iVtc*mWlZ&Z> I d r e f & 
IttcOiUaTfEtf) (l 2) j£cDck 5 l£^:b£*l&o 
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Idref=— iTref/Ktlsln (acos ( a x <o b / o> 
m)) (12) 

Z.<D (12) 5£T^fc>£ tlZ&miS tlfc dmmmm^m I d r e f £ 

5 w.m-tz>rz®<Dmffl7o v z i i m-v&& 0 

dil^ I d r e fte, ^— X £| g£ w b , ®^C£iiiSco e , &ckl£ 
Ml^ft^ffiT r e f^A^tlT. d fill ft « fit IT ttJ SB 1 0 5 T^fe 

T^jI^T, MU^f£4HiIT r e f £A£ <h LT&H^ 1 0 6T^ftT 
10 t^So #CK1, #f£BJ<E>?iW > hTfe^jIS (oxcob) £###85 1 
0 5 gT^-7^1gwb$A^t:LTaf UT^Ig (oXwb) <h 

^-^©mm^ii^co e JPfflSB 1 0 5 alciot, 

^-^ 3£^<om (=co e /P) ^WiHT^o tct£V, P tt^E- 

15 ^(D^^f^T^^o ^td^^^^ra c o s IfEffigB 1 0 5CTO=a c o 
s (ttX(ob/um) tltlliltS, £ £ (C, s in#ffig|$105c 
ts i n <2>. — 15. h;i^^f&g& 1 0 5 d T^dft I q b = T r 

e f/Kt^^86. 4& ft til 88 1 0 5 e T*»E I qb^AAL. tettflt I 

iQb i zziz. ^(Dmmmizmwffi 1 o 5 f t? <- 1 ) m-r 

20 3. Wi^^^^^T^^-T-l) t (13) Stltg*)^5. ^10, 

&#£*xfc d mmffi&^m iareftj (13) soit, d mm^n 

Idref = — llQblxsin (acos (aXw b/w 

m)) (13) 

25 *tj|tfcti$ft, (1 2) (l 3) 5U*2SK«lK:|B|-<&3S"e&S. 

IIT, (13) 5£ <D a c o s (aXtob/com) ©JSCiitSt, 

28 



WO 2004/054086 




PCT/JP2003/015900 



j&«(KiillHE©*'&ttd $S««Jg^fiS I d r e f = 0 fc © $1 «& IflB ffl 0? 
«3Efr£nfcV>. «ttfc5£&G>mJ&«*!3B& ( a x <o b ) <£ 0 

**V>, Oi; 0 *-*©@1Bj&«JISBimE©»'&tt Idre f * 0 , 
5 DdtttJIJI^ildre fOf^ftt&O, S8©# ttffl»#3fefT $ ft 

So 

&±Bfc9!L;fc;*3fcE©&#Sftfcdttltt»E*i^*l I d r e f ^ tti ©frJ 
Ptc£Sjgftfc®*£^i-&«>f::» mi 2 Elfcl^fgBJT&S (1 3) j£ 

© d mnm^^m i d r e f \z£%%$&Rmmw<Dmntft*:<Djj&T* 

10 ( 1 1 ) 5£© d Ifc^f^tfl I d r e f fC «fc £ II © #MJ |2? © figtg 

t^St. #»9l©33J&lf«ffl1fl©i8#;U;m#»BT*iO 0ft)5, - 
^, ^^©$iJP^^©li©^a^J^«^l¥-^A-e^J Dtt)5, ^1 20 

BJ©H86I?- a^J«l¥©BB^^^5l5©^^T«^fe*SS^LT$ nTHttV>i 
20 £ £T> ^©8lll©JK^VW^«fcD±5ELfc 

a©ffij&^M-r-5. mm&fr-z aiiiD«c< 1 tcifi<^o, 

te, a=0. 9 ©ct -5 & Z. t \ZtSL&o a 0 \Zi&^ffi.\ZU iff!©??- 

29 



WO 2004/054086 




PCT/JP2003/015900 



& t & * * - ; nr > it £ ffl ^ x & m c %j & w n z n %> « 

5 >V&m^T*:-? 1 (DP V CffT#£1iJf!g£T3^-^igifrfir#lgfi© 
fe^M^ilSco e-^>P-^<D[Hlte^^6> e £ IE b < ^ ffi T £ § O Tte \b\ 

io si mingle* — >it£fflv>££o — ^ 7 ©imeji^^^jifc:^ 

«fa,^i§Sa> e^P-^(D@^m0e£IEb<MffiTitfc<&rK P 
v c mm &IE b < ^ff T £ & < & £ o 

fit, P-^ 7 Omfctfite.m\Zt£-D feP#«, PVC$iJ^T«7^<, 
15 m^.^l^^a) e ^P-^ (Dmfcftm. e e £ &fi <t b & V* f&W$i W® \Z W 

iej m m m. m m t \t m m & m m t f s ^ - * ie kj m n m fi £ m « t # s 0 
jeat> m 1 3 ei^jb^t, sg 4 <D$£f%<DmMM\z-D ^xmm-r^>o 

20 KS 4 <D5£W~?teftmm&itti®'8&&*-)l'± 4 8 - 1 , 4 8 - 2, 4 
8-3 ESS 4 1 t^^M^Tl^, &gJt£[ElSg4 1 

-:5M4B <h bT(DHI^^^ 0 e tfmtjZnZ. &*5, &«ii^lU8& 4 1 

25 ftH 2 0 0 2 - 2 7 2 1 6 3 ft:£iCGtt2nTt*&. 

p-^oiei^^ffiiitwfj: o > ^a^^iEii^ 4 i <z> tb # t $> 5 m 
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%&mma> e ^m&nm e e v 1 o o 

g&4 5 ** h;i/^*^{fiT r e f t * - >>Hz > 1*- 4 8 - 1 , 4 8 - 2, 4 

8 - 3 frz<D *-;i/-t: yvm^* x ii t UTfi^nx^s. m^m^m 
5 sb 4 5 «fie#«k o & < ft] e>nx43 o , mx\*&m 2001-16815 

1 \Z fci2*fe$nTV>£. ^IT, J£ ft SdP IT, 1 3 El K 

*-^t>t4 8-l, 4 8 - 2, 4 8 - 3 *3 <k -ftBlfJg 

42*3i^kXr l J i/XO^?l^<£^^T^^^^4 3 - 1 , 4 3 -2 

ini tisiii^ &«i$^ig^"r*ia#AftjiSN 202 s^wig^ftji 

-MtbT, 1£^3B4 3 - 1 0i£ftISN 1 = 5 0 0 r p itk 43 «£ 
tftS:£3B4 3-2 (DtfcJtftiHN 2 = 6 5 0 r pmti^tS. 
<4fiJt^lHlS^4 1 ©ffl^tdteU yy;i/*^tnT^5<DT, U y 
Iit5fcfe©a-/U7>f )V9 (£AT, LPFtfSt.) 49 
25 ^08S4 1 £ !/^<;U^aigB4 2 tOFBltCgBSnTViS. 
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4 6 ^(DAtj tbi^^ h)vmm i o o £fcB&mffl&4 5 *m$i~r 

^(D&vtaffif&iz&rtz^t? bfrfflwm i o o tmmmmm^4 5 ^ 
# a #j p <£> wj ft- tc o ^ t m m -r z> c 
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